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K 23a J5,0 ~20 em T2 HFHEK AN 0.14% ,20 ~40 cm AR K, TIERAE Yy IF ISR BE G & 1K 52 4F BR BO 384 0 28 97 fin 2 5
R R A A 5 R I PR I SR R AR B, IR IR (¢ CO, ) 7E S B -3 B A ) i AR AR, AR SR NS E , %
TR WM/ AR R, 3T Yy 8 A IR A YE 5 R PR I AR AL & B B IEAHR; 5+
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Abstract; Vegetation recovery in the Loess Plateau of China has been identified as the most effective and useful way to
alleviate soil erosion and degradation. This study was to examine the responses of soil microbial indicators to natural
vegetation rehabilitation on the Loess Plateau. Soil samples at the depths of 0 —20 c¢m and 20 —40 cm were collected from
the Yunwu mountain grassland area with an recovered chronosequence of 0, 3, 9, 15, 23, 58, 73, and 78 years. The
results showed that microbial biomass C ( MBC) was increased significantly along with vegetation rehabilitation time
increasing. In the early 23 years revegetation sites, the increasing MBC rate was 24.1% and 104.4% every year at 0 —20
cm and 20 —40 cm, respectively. However, after 23 years of revegetation, the increasing rate of MBC was only 0. 83% and
0.19% at0—20 cm and 20 —40 cm every year, respectively. Soil MBN also increased faster during the first 23 years with
increasing rates of 20. 14% and 15.11% at the 0 —20 cm and 20 —40 cm every year, respectively. Soil basal respiration
(SBR) increased gradually during the vegetation natural succession. The ¢CO,decreased with a logarithm functional trend

with the enclosed time increaseed. Compared to soil respiration intensity, the gCO,reflected the change of microbial activity
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more clearly and consistently. The MBC, MBN and SBR had a positive relationship with soil organic carbon, available
nitrogen and clay contents, but they had a negative relationship with soil silt content. In addition, soil pH at the surface
layer also affected the soil microbial properties. These research results reinforced the notion that natural succession of
grassland has altered positively soil microbial communities and activities in the surface layer, provided indications that

vegetation restoration can have positive impacts on soil microbial quality on the Loess Plateau.

Key Words: soil microbial biomass C and N; grassland soil; revegetation; soil basal respiration (SBR) ; soil respiratory

quotient (gCO,) ; Loess Hilly-Gully region

HrERXERENDEHR EEAKERIMXZ — BEEREHEREE R AESRERNESKX
B, WREAEGEE TR BIRIA T 5K L ORFF 0 E R, MK S BE R B> TR R B iR S
HHEREY . HRIELRENKE AEME ST EESHERRNEEAR, IS KE S LR
BEASR G VI X XA SRR N DI R M, o A ST I IR PR 5 () 8 EE s A
LRXEY IR XTI IR, A R (AT A AR A, ER AR SR IR IR A M R
BRSNS REIRERAE . AR, HEE T UE Y A Y B ik AR G T 4L, e A
YIEBFF A IREA T BRI RIS A TR RS N IR EE A RARTA T — Lt
5 (AR ZE P TR E G TR R AR , X R Y B X A i R A Febn B H2> . ASCRTE
S W BE R SRR AR T AR EK R G 3804 €N S -3 SEmtinp il A , B AR R 5
HEEN S TIRA IR NS, 8 AR E R I & 3 i Bk R AR R 2R AR
1 #HR5H=*
1.1 RAFEHARESL

ZEINFERE ARG X AL T 7 B R B 18 K E R E R ILE, R4 106°25" ~106°29', 645 36°14” ~ 36°
20", Bt 11km, AR PG 5E 5. Skm, 5 @ 1% 4000hm” , BRAF FE | T8 6 Ak B 41, AT 4737 30 T B 3400hm” (f0.45
133hm® #EMN) . ZX AE LB RAMRILEBE X, R 1800 ~2148m, KFA/H7E 2000m PR . SEAEREE 4
~6%C,1 A¥IR -14°C,7 AR 22 ~25C , TCFEH 112 ~137d, 4E [ /K & 400 ~450mm,, +338 4 111 K48 +
MR R, BRI IO X Fp X AR X 3 #4200 K E R 1130 hm®, FEY X AP RILE ; 2 o
[X 1000hm’ , ZE 437 X R o 5 IR B X 1879hm” , AP X BEdmAZ W e WAk b 3 T FAZ O X M R X Z 5h, ik
S AEARP K SMAA 500 hm® MRS (R XA EFEREY N E AE KSR EXRER .G
BE YAPEIESE, TESMERY XA .0 HbH 8IR 1800 ~2120m [ FHYE , 2 FHIE , 2 BAYE K32 T,
1.2 fthret

AR B B, BT B E R 255 1L B AR DX K 3 2 R R A R T 9 8 A
BAE IR, CK SR B, AR B (K 1) . F 2006 4 7 H K4 0 ~20 F120 ~40cm B2 H 4%, fEH
TR 100m x 100m [KFEHLN , SR “S” B 22 SR SE IR AR BFANE E IR, YRR B 4% BISLIR = . #r
fitf AR B , 2 2mm 5, 730 B, — B T 4CORAE, — I RT8 1, BT AL T T3 A s hn il 2 , K
FHREF T TR BRI E o
1.3 #HumiESh%
1.3.1 - 3EEREIF IR E

SR Pt 3 B PR 3R ) RBUH XS T 40g it 2 A0 37 &% BT 500ml |~ DU, 3 LIRS K&
o H [ 57K B 1 50% 5 K% Sml 0. 1mol-L™" NaOH ¥V AW SO /N OB e L3RI 0 . 8 DI
OJ5TF (25 1) CHaEJEIEFE 24h, % NaOH 52 2% % T 100ml =M+, i A 1mol-L~' BaCl, 2ml FIf} BAKTE 7~
32 3, FH 0. 05mol - L™ (AR vEEh BRI & BLT AN K . [FB, LA 20ml ZEIB/KA/E Ryt iR, A HER 3 K.
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AR NaOH ¥ THFER Tt CO, B
£1 HRIHSEBROEFER

Table 1 Soil natural characteristics and the relationship with plant recover time

) - EE S
gy DOUER LR i WR(m) ()
Rehabilitation Dominant Accompanying . .
Sample No. time(a)  species species Elevation Slope gradient
¥ Artemisia frigida Willd.
. . . BB/ Potentilla acaulis L.
1 P. . 2021 12
8 KE Stipa gradiss P. Smim AEE T8 Medicago ruthenica (Linn. ) Trautv 020
7P 3K Potentilla angustilobaYu et Li.
BT Artemisia sacrorum. Ledeb.
. . ‘B B3 Thymus mongolicus Ronn
2 2 T 2 1
73 K% Stipa bungana Trin Ledeb i s secalinis 040 5
ZRIFTBE K Potentilla bifurca.
BRATE Artemisia sacrorum FAT /R Z& $ {4, Heteropappus altaicus
3 58 2040 10
K% Stipa bungana B B2 Thymus mongolicus
, K&+ Stipa gradiss
4 23 E%z Z’”"’f mengolicus YA EE Artemisia. sacrorum. 2040 10
= 1pa bungana TP Potentilla bifurca. Linn.
FI#i & % Carex rigescens (Franch. )
5 15 B B F Thymus mongolicus V. Krecz 1940 1
S iy tipa bungana edicago ruthenica ( Linn. rautv
KEH Stipa b TEHTE Medi henica (Linn. ) T
il stragalus scaberrimus Bunge
KM B Astragalus scaberrimus Bung
us secalinus ( Geor zvel. rtemisia scoparia
] o T Leymus secalinis (Georg) Tavl. AR Ariemisia scopari 908 0
B B F Thymus mongolicus ZRIFBE 3K Potentilla bifurca.
I H )
¥ B Artemisia scoparia Waldst. et Kit. BIR AR A A eteropag)pus altaicus
7 3 — B B3 potentilla bifir B B #& Thymus mongolicus 1940 2
- potentiia dyurca KPEHE Stipa bungana.
8 CK FEK Maize 1908 2

1.3.2  H3EBUEY YRR RKNE

A BRI S K B H IR K B 55% 24, HFE(25 + 1) C @SR LAY, RBUER -
FE6 10, A BEAER 9em WBEFRILA, 3 HIEK, 3 MAERE, BHREERLHE T NG 29em ATHIA N T
MR L. TIRESSIKHCERA SOml ka0 i T3 ek (B 1L B W) /MRS, FIEH A SEA 50ml
SEAL S IR/INEE AR ALK FIZK IR T VB 4 . /B LAk A T as , B <, S840 3 B8 Smin 32 11 3l
R, KA THRASIR I, 78 25 C AL U 24h, BUH TR AR A0 E AR 7Y, 1595 THas, R EfhE S H 3+ %
FTEM 1L, BREELEFHEGHR, FEELABAD —TEREP, UBRBKREED, SR E
ZE—FEALER 1R xR g

KEZT N EREEBE 150ml = AR, IA—E AR 0. 5mol- L' K,S0, (+: 7Kk =1:4) , #Z % 30min
JEidUE. RN 3 N EEAS F o BRI B E R AE - 18°C TR,

WA B RRFBIE T KT B E-25hmote i "> . B WA 0. 15 mol- L' NaOH #
30g-L~" K, S, 05 AL M ms AL A AL , ST FORE S BORBUEL N 101, AL SRR EHR (120 ~124°C) &
630 min, FAHLE ]G BUH , A BRI IETOLE A Ml Ay HIHE SRS E. MAEMEDER
(By) BT EARHE By =Ey/Key , RH:ECHER G REZE LSRN ZEME (mg kg ™), Ky WEZERIT
FTHAE B PP B K, SO, TR BUAY EL ], B 0. 5417

AR TOC B 3/t , B AR R BE M5 505 i TOC B shartr il A Wik, WMAEwE
Y ERR (Be) 3B FEARITH :Be =E,/Ky, , RN E NBEHR G RER T LHRMZEM (mg-kg™') K, WEZE
FRICHIE Y TR BRBE K, SO, BT 4R B L1, B 0. 45
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1.3.3 3R M B R 5 50808 43 b7

LR TS B SCR , A WLUR AR K, Cr, 0,-H,S0, 4 ik , pH B BR BE 3115, B BRI 9 0%
WOk, B RE FBR BR A A, TN R I 1 . B8 AL 3E R Y DPS #R {43647 )5 22 40 A LSD ¥k 2 &
Hage
2 ZR5HW
2.1 HERLATE b R AR

BEE K B AEFRIEK:, 0 ~20 cm 120 ~40 em +IEAPUBR & BIA b ¥ B I AIE ., A 4E 5 7
W(F2,%£3), SXRAE,0 ~20 cm 120 ~40 em +IFAH VGRS B 7E &K B B4R B0 in R 28 4k 23 5]
1£0.4% ~4.0% F1-0.01% ~5.0% 2 [a] , g K HIET 9a(0 ~20 em) 5% 15a, 13875 HLERIE K 5 S AH X 5%
%, AR RAER B 15 ~23a (8], HEJG H 2P RES , E K RE 2. 1% U, HEBMEASEDN
g BFITERE IR BURT 32,0 ~20 cm F120 ~40 cm + 2 HAEXIHEINEZR 4504 31. 9% F123. 1% , LLJ5 3
AP, R 5.0% F15.1% ; L2 EHEIME R T T2 L8 W L2 ERE R 23 ~73a 8] - HEH A
TURHE  BE BB BEER,

AP E BB, BB RL & B AR AL BCR B B AL : IR RO L AR B AR 3R
3 4EMEH TR, R RIEIKE , & 23a(0 ~20 cm) B 15a(20 ~40 cm) X2 HFEIG K TGS, THMA SR
2% | Bl AR AR R AR R A S K T R R R B3 RIS B R E A B B AR IR K T 2 B
HIREAIG ; 1358 pH FEAR PR A B it 2 FEAR, IR B E

F2 15 0~20 com ERBHER
Table 2 Physico-chemical properties of the experimental soils (0 ~20 cm)

PREAEIR AR BARR BB HUARALR Texture (g-kg™")
Revegetation 0.C Av-N Av-P Fiki Clay BB Silt #bsk: Sand pH
years(a) (gkg™") (mg-kg™!) (mg-kg™") <0.002mm 0.2~0.002mm >0.2 mm
CK 10.93 +0.04 g 57.77 + 0.56 f 4.25+0.21 a 140.2 228.7 563.1 8.10 a
3 11.22 +0.08 fg 113.00 +5.51 d 2.51£0.16 cd 173.2 266.6 462.4 8.02 be
9 11.37 +0.16 f 91.00 + 3.18 e 2.63 +£0.01 ¢ 303.7 208.4 489.5 7.97 def
15 16.73 £0.15 ¢ 140.11 £3.42 ¢ 3.07+0.01 b 312.8 195.7 493.2 8.00 bed
23 20.93 +0.08 d 149.35 +5.06 b 3.15 +0.04 b 291.9 177.0 532.4 7.99 cde
58 21.32+0.11 ¢ 150.25 +4.71 b 2.68 +£0.03 c 250.3 172.7 578.8 8.03 b
73 22.36 +0.03 b 150.81+ 1.36 b 3.13+0.15b 260.6 194.1 546.3 7.96 ef
78 25.32+0.23 a 159.00 £1.16 a 2.45 £0.03d 275.4 187.4 538.5 7.95f
#3 11520~40 cm BEABUMER
Table 3 Physico-chemical properties of the experimental soils (20 ~40 cm)
PREAEIR AR BARR BB HUARALR Texture (g-kg™")
Revegetation 0.C Av-N Av-P Fiki Clay BB Silt #bsk: Sand pH
years(a) (gkg™") (mg-kg™!) (mg-kg™") <0.002mm 0.2~0.002mm >0.2 mm
CK 7.65+0.07 e 46.32 +1.05 f 2.61 +0.14 ab 138.7 269.9 512.6 8.13 a
3 8.46 £0.04 e 78.44 +0.67 d 2.03+0.12 d 162.0 297.3 430.4 8.03 be
9 7.65+0.08 e 68.34 £2.95 € 2.42 +0.05 be 329.3 198.1 473.9 8.00 ¢
15 10.33 £0.18 d 118.42 +0.45 ¢ 2.77+0.17 a 297.7 175.7 528.6 8.03 be
23 16.53 +0.37 ¢ 120.33 +3.56 ¢ 2.08+0.12 d 323.4 170.3 507.2 8.01 be
58 16.89 +0. 88 be 128.31+1.24 b 1.91+£0.04 d 228.8 140.1 632.6 8.05b
73 18.55+0.47 a 121.06 +4.37 ¢ 2.17 £0.16 cd 323.3 163.6 514.7 8.02 be
78 17.63 £0.51 ab 134.51 £2.18 a 2.04+0.04 d 287.2 181.6 532.4 8.01 be

The letters in the different columns showed the multiple comparison of LSD; Different letter means significant difference between two treatments (p <

0.05)
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2.2 ARAEGEE Y B s YA Y Bk R EE

FEFHAE G B AR E M R, A B T R IR A A 52 ) P 0 i 2 S Ak O K
RS, FEAE IR SR RRT 23a 3G IH R, 23a JE BN (B 1.2) o BITLENMEY BRI
—B (HEE SRR RER, BN R RE BN ZERA,

FEF ARG BRI E ARG B, T3 A B A A T B WA, SR L BEE A K R AR R A3
BB E NS (B 1) . 7ERT 23a,0 ~20 em +EAFERKZN 24, 1% ;20 ~40 cm S 104.4% , 23a )5,
0~20 cm +/Z4EBK RN 0.83% ,20 ~40 cm 4 0.19% /a,

1800 350

Ya= 59968]]‘1(,\') +49.788
¢ 0~20cm Ya=259.53In(x) +227.61 {

[ & 0-20cm 2 _
| ©20~40cm { Rk =0783

1500 © 20~40cm R2=0.7887

o
(=3
(=}

P b
= on
£ § 250 o
= 1200
U w
® 3 B2 20
BE =® £ R
S 90 sz | /ST L+ __ae-
= Y3 150 -
N HE -
) g o € 100
k) & ‘g Yo = 33.664In(x) + 41.781
B z o = 169.12In(x) + 175.29 = o 0.6063
s 300 R=07011 3 50
0 ! 1 1 ] 0 1 | |
0 20 40 60 80 0 20 40 60 80
$E I H] Time (a) HFE I Time (a)

B2 ORI R R B B 3 W i R L
Fig.2 Changes of SMB N in different plant succession Stages

B 1 ) A B B B S Wy i A A
Fig.1 Changes of SMB C in different plant succession stages

T A B AR ARt R BEE AR PR A T N (& 2) o #E 3 % 23a [A],0 ~20 em + 2 H4E
WK 20.14% ;20 ~40 cm 2 15.11% , THHE23a J5,0 ~20 cm + 24K N 0. 14% ,20 ~40 cm KA
Eﬂio
2.3 RIERE B R I B A S A Wy R I R A R 210 - & 0~20cm 2= 17.972In(x) + 99.054
WAL, 190 L © 20~40cm R?=0.6507

AR R AR T e R B R R 76 R {
TEF, BERHEHEEE T 73a &5, R 52 58a 5% 150 -
78a,23a WAL PR R L F AR TIEMEAE YT IR
A bt R R A R A B B ] B R B X B i ka #,

130

110

+ 3% Respiration (mg C-kg™'-d™")

1 23a §ij,0 ~20 cm F120 ~40 cm + = o A Yy E %0 ; ’{ = 12.304In(x) + 75.528
W HAE K3R48 B 3. 19% 01 2. 49% ;23a I, 451 "% wemnen
0.29% F10.03% o 0 ~20 cm Bl HE F 20 ~40 cm +J2 % 20 20 60 30
HME(E 3) . HEH B Time (a)

- 3 F I 475 ( respiration quotient) , X FR{K A= #) IR B3 IR M By S v B A A
B (¢CO,) , Ty 5 —Af %] CO, Bl s R 5 MBC ke, Fig.3 Changes of SBR in different plant succession stages

BREER I S A Rk Z (R F F e, Sk T B A )

A B T L USRI R A R K NRITR T R A A B
PTG T DA D RE B R AR R o Al 0 P R A A A B ) AR 3 2 B O T BRI E R (B 4) o FERT
23a, 0 ~20 cm Fl 20 ~40 cm - J= AP A YRR IR B AF AR R 73510 0 2. 91% 1 2. 18% , JLH R H F )5 I e
9a FEMRHEFRER 0 ~20 cm LJZEEREMIRERN 7.66% o 23a J5 , IR EIFREAR R 0.82% H10.37%
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2.4 HIRBUAEYIERR R PRI S A
HRE

0.50
E & 0~20cm

- © 20~40cm
B AR R R R S O a0l
MR IAHE R BT R : A IURARMA SRS S ol 3o =-0.0352In(x) + 0.2955
AR R R R R A LR AR S =070
GEEPIS PSS GO REL DT UE S ESU
HAR S 4 MEDHRLT B EEMERR, T 2
WR S T2 BEFMELR, DRILFEHBMEY  § = 0064910+ 03528
XA ;pH (HTE 0 ~20 em +2 5 EATEM B ERAMXK . o Reeme |
R, 7620 ~40 om MW BAIE LR (£ 4). 0 0 w0 60 80
rs HE I Time (a)
3 g
T AE YRR IR Y SR SRR —, B4 AR B s YRR A

AN B Iz ik A M) 5% 30 55 R 5 i 2s 4k, i Fig.4 Changes of gCO, in different plant succession Stages
ST AP B RAE F R RE T, 2 A MU s

BRER >, 5 E DA ANRORES SRBHR . MEYRAREENMEDRNTSERA, AR
JE RIS TR Sy, B R S Ak, B E BT RR N TR AR AESR A BEEN B . AR
THERR R AESHREFM T HAERBR, ARUARER, LEBMEYEYEREGEEEADSREENERZ —,
IRt BT A Sy 2 25 B0 35 e R IR 7 A 0% o ARBIF g 45 R 0, A g R B A P, Tl A ik
ik AEIFEE K FRERK MM E S, 5 HIEE VR 2 S —3, PR E W, B4
YRR BN, X FEEZHEYRREYE MR ARG K. BE SRR
TIRRBEE R, IR BN, FER-EEREY, AR BRI/, MEEGEEEL, —RA
Bl EAHEY B LUE R AR T HERE AE W ERSY

F4 THEAEWER G FRATRES T IHEAERHEXRB r(n=8)

Table 4 The relationships among soil microbial parameters and soil chemical and physical properties

LK PRAFA A HUBRALR, Texture (g-kg™')
i H Items JRWK Layer 0.C Av-N Av-P . H
el (cm) : » L B Ziki Clay ki Silt kL Sand p
(g-kg™") (mg-kg™") (mg-kg™") <0.002mm 0.2 ~0.002mm  >0.2 mm
SMBC 0~20 0.6143* 0.6554 * -0.2802 0.8302 ** -0.8097 ** 0.2366 -0.6358*
20 ~40 0.8195 ** 0.7837 ** -0.1291 0.7542 ** -0.8310** 0.4370 -0.4050
SMBN 0~20 0.7816** 0.7227 ** -0.5890 0.7882** -0.8028 ** 0.2527 -0.7633 **
20 ~40 0.9148 ** 0.8256 ** -0.5744 0.5259 -0.7265** 0.5260 -0.4203
SBR 0~20 0.8060 ** 0.7409 ** -0.4015 0.8554 ** -0.8555** 0.2518 -0.8044 **
20 ~40 0.7781 ** 0.8196 ** -0.3296 0.7379 ** —-0.9458 ** 0.6154* -0.5107
¢CO, 0~20 -0.6858* -0.7950 ** 0.7666 ** -0.8641** 0.6793 * 0.0272 0.8527 **
20 ~40 -0.8892 ** —-0.7829 ** 0.7183** -0.4644 0.7112 ** -0.5608 0.4451

T P SR B R B M ) S TS PR RAR T o AR AT (S R e TR % 3SRt P I A 2 B R 1
SR, - SPR I 55 B K R A FR B o AR 5K 5 FR 3 o 5 A B A ) 5 T 3 o, Sl A 4
HITE A IS RIBAESREEE IS, FER RSAESRERNEE, SRR ES S AYRZ HWNZE
WA o qCO, BRI, SR AHATIE AU LE SR E B 75 TR ¢CO, BB A= , IR B B = — 1 giba A
(it RRE 38, DRI, - S IR A3 T 41 DAy i S 2 % Bl A AR W B E BRI — B R o AR — P TR &
1N+ 41 qCO, L, 3R qCO, LU REIRE —FiAR N R 32 T4 A0 H 3 2o e Y o ERUR"™ S Bk 5t
GRS A B R R SRR A PP IR AR PSR D RB A 2 A A b o ABTTE A, 1 R A
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B B ARIR R AR, A A P IR0 AR 4 BT [ B T = X BRI . LSS S F SR E , 1R
HEYIENREIEEBR S WRE , LIEMAED SN ZRIE R IEAEZR S BN HIEIFIREAE 20 ~40em +2H T
0 ~20cm, XA fE5 qCO, Xt +IFA WL R B AR N R BUE 5o 33Xt 158 B - 398 P I A B AR A b S ok £
BABERRAE, . 50 Y P L, PRI R R e 3 A ) R B AR, AR SRR E , AR A
KORBL I/
4 g

(1) FERCHAEYE B ARIR S AR, 380 Ak B 3R B S WA R K A s [ 0 348 o i 348 K A e 3, B e R
PRZ IR 230 IR, 23a JE RGN, AEME IR ARG 23a,0 ~20cm F1 20 ~40em + )2 HIEHAEY)
B RER K000 24. 1% 1 104. 4% ; +IRHAEWER (3 2 23a [8]) 3K L4071 K 20. 14% F
15.11% , 23a J5 , LIEMAEYRR S EE L F A LERFEKRNF100.83% f10.19% , HFHAHENK
AR AL S S FEA—B; T LR A W B A AE 0 ~20em HJZHFEMKE R 0.14% , FEHMKAHE . H#EMAEY
B AT AR R SR b 2 R B b A A R B %o - 4 IR X R

(2) TS0 Wy i 2 B B o K R 4 R A 38 im 22 T 4, 106 B il o o e B B ) A3, SR
BEEER RIS HIEREIREYE S R B AL 5T B R 2K, RS AR A b S B A R R A
o 5 HAFGRAE YIRF IAH B, PP RO 7E S e 3R A ) R R AR A, AR TR INARE , AR AE K BN,

(3) LA PUR FofE AR S B 5 A Y Bk A PR P R ZE B A £ 2 P AR AR B LR
THRR R, DL AR AR, 33 AP IR S0 A W e AR B e, AHELAR 2, 3 3 R B i 2545 5
B .
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